Introduction
Liposomes, which are made of amphipathic phospholipids, have a lipid membrane bilayer structure and are mainly used as a cell model material in basic research 1 . Spherical liposomes can enclose substances such as drugs in an internal water layer, and therefore many researchers use them in research as carriers for drug delivery. Studies on short peptides that exhibit cell membrane permeability have been carried out in recent years. Some peptides are known to be substances that can penetrate or move across the membrane bilayers. For example, Melittin which is the main component of the haemolysin of honey bees and Magainin which exists on the skin of Xenopus are classified as such peptides. These substances act directly on the surface of the cell membrane to form pores, making it possible to penetrate the membrane. Usually, the cell membrane has the role of separating the external environment from the inside of the cell, and as a rule highly hydrophilic substances do not cross the cell membrane. Therefore, in the medical field, it is said to be difficult to introduce highly hydrophilic drugs into cells. However, in recent years there has been much applied research into drug delivery systems that use cell-penetrating peptides CPPs to easily deliver target substances inside cells. For example,
as an example of a peptide that can cross the cell membrane, there is the GALA peptide that was artificially designed by Szoka et al. 2 . The GALA peptide is a peptide of 30 residues WEAALAEALAEALAEHLAEALAEALEALAA having side chains of hydrophilic glutamic acid and hydrophobic alanine and leucine, and it easily forms an α-helix. It has been found that the assembly of multiple helical cylinders forms an ion channel to pass through the membrane. The sequence of EALA is repeated within the 30 residues, and for such a peptide in which hydrophilic and hydrophobic amino acids are alternately arranged, when an α-helix structure is formed the side chains have a sequence that is designed so that the hydrophilic and hydrophobic surfaces of the helix cylinder are localized. However, for such a long-chain peptide, since it is just one linear chain, even using the latest peptide synthesis technology its synthesis and purification are complicated, making it hard to obtain compared to short peptides. Also, in recent years, as a new carrier for drug delivery, a peptide segment within the HIV1Tat protein has been applied for internalization to cells. This segment, HIV-1Tat 48-60 , includes a large amount of the basic amino acid arginine and has only thirteen residues GRKKRRQRRRPPQ , shorter than the original GALA peptide. Recently there has been much research by Abstract: In the present research, we prepared an acidic liposome as a cell model and used confocal laser microscopy to evaluate its interaction with oligopeptides that had high membrane permeability or affinity. The results showed that, for short peptides of about ten residues, the positive charge peptides interacted with the acidic liposome strongly. For peptides that interacted with the liposome, no difference was found between linear-chain and branched-chain peptides due to their structure.
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NOTE
Futaki et al. related to arginine-rich peptides as peptide fragments that are tools for introduction into cells 3 . Such arginine-rich peptides may only have about ten residues but show cell transfer ability, and are being used as a new tool in drug delivery research. There has been much research into linear-chain arginine-rich peptides, but so far there are few reports related to arginine-rich peptides with branched-chain structures. As a branched peptide has two N-termini in the molecule, so might interact with acidic membrane more strongly.
In the present research, we have designed and synthesized short linear-chain and branched-chain peptides that are expected to interact strongly with a lipid membrane bilayer, and we have measured their circular dichroism spectra. We have also prepared a multilamellar vesicle with a large amount of acidic lipid as a model substance for a cell membrane, and we have used confocal laser microscopy to evaluate the interaction. Thus, we report a screening evaluation of the interaction between seven types of peptides with this acidic MLV.
Experimental Procedures

Materials
Amino acid derivatives and condensing reagents were purchased from Watanabe Chemical Industries, Ltd. Hiroshima, Japan , lipids from Sigma Aldrich St. Louis, USA , and other chemicals from Wako Pure Chemical Industries, Ltd. Osaka, Japan , and these were used without purification.
Peptide Synthesis
The target peptides were synthesized by solid phase synthesis using Wang resins and amino acids whose N-terminal groups were protected by 9-fluorenylmethyloxycarbonyl Fmoc groups as in previous report 4 . Purification was performed with reverse-phase HPLC equipment Hitachi High-Technologies, Chromaster ® , and synthesis verification was performed by MALDI-TOF-MS Shimadzu Seisakusho, Kratos AXIMA-CFR plus . For peptide fluorescent labeling, the peptide solutions were adjusted to 2 mg / mL in 0.1 mol / L carbonic acid buffer pH 9.0 , 1 mg of FITC-I was dissolved in 1 mL of dimethylsulfoxide, and 100 μL of the FITC solution was mixed with 1 mL of the peptide solution and reacted in a dark space at 4 for at least 8 hours. FITC-I reacts with any NH 2 groups N-terminal, Lys side chain in the peptides. Accordingly, after the reaction, gel filtration column chromatography was used to remove unreacted FITC-I. We used Sephadex G-50 Fine, and the solvent was 20 mM TES / 150 mM NaCl buffer pH 7.4 .
Circular Dichroism Spectrum Measurement
The circular dichroism CD spectra of the aqueous peptide solutions were measured using a JASCO J-805 spectropolarimeter. The temperature was set to 30 with constant-temperature water circulating equipment, using a cylindrical quartz cell with a water jacket having a light path length of 1 mm or 0.1 mm. We calculated average mole ellipticities θ from the obtained ellipticities.
Preparation of Multilamellar Vesicles
We prepared multilamellar vesicles MLVs by a hydrating/settling method. We used L-α-phosphatidyl choline egg PC and L-α-phosphatidyl-DL-glycerol egg PG . We first added 30 μL of egg PC 100 mg / mL and 100 μL of egg PG 10 mg / mL to a 25 mL pear-shaped flask. We then added 1 mL of chloroform/methanol 2:1 to form a cast film on the wall surface of the pear-shaped flask under N 2 gas exchange. We vacuum dried for at least twelve hours in a desiccator, then added 1 mL of 20 mM TES / 150 mM NaCl buffer pH 7.4 , and incubated for three hours at 37 using a water bath, to obtain the MLV.
Confocal Laser Microscopy
Preparations for microscopic observations were adjusted as follows. FITC-labeled peptide solution of 2 μL and MLV solution of 30 μL were mixed into a glass-bottom dish Matsunami Glass Industries, Ltd., non-coated type, dish size 35 mm, hole size 14 mm, thickness 0.16-0.19 mm , and then were put on a cover glass. For microscopic observation, we used a Nikon ECLIPSE Ti, illuminated with 488 nm laser, and we performed the observations in Galvano mode. The sample was stored in dark place at 4 , and then observation was carried at 5 minutes, 24 hours, and 48 hours after mixing. Table 1 Amino acid sequences and net charges of the synthesized peptides at pH 7.
Results and Discussion
In this experiment, we designed and synthesized seven types of oligopeptides based on GALA or arginine-rich peptides that can interact with a lipid membrane bilayer. Table 1 summarizes the primary structures and net charges under neutral conditions of the peptides synthesized in this research. The original GALA peptide, which forms a highly α-helix structure, contains leucine and alanine residues that dominate the hydrophobic region of the amphipathic peptide 5 . We introduced glutamic acid and lysine as hydrophilic amino acids and designed amino acid sequences in which these roughly alternated with hydrophobic amino acids. We also synthesized arginine-rich peptides that had seven or eight arginine residues per molecule. As shown in Table 1 , the net charges were low for the oligo- Fig. 1 CD spectrum changes of the synthesized peptides. peptides based on GALA and high for the arginine-rich peptides. Figure 1 shows the CD spectra of peptides. Peptide EE showed double minimum near 208 nm and 228 nm. This pattern of double minimum is similar to the spectrum when an α-helix structure is formed. However, θ was small compared to well-known proteins such as albumin. It was considered that the helical structure of the molecule was partial and not perfect. The CD data show that all of the arginine-rich peptides with strong positive strengths near 218 nm assume random structures 6 . The peptides, KE and KK, both of which have Lys residue at the N-terminal, similarly showed a weak positive peak near 218 nm, indicating a random structural configuration. The configurations of KE and KK might be due to electrostatic repulsion between the α-NH 2 group at the N-terminal and ε-NH 2 group of the Lys side chain. In spite of no repulsion because of no net charge in the molecule, the peptide, EK, is also considered to assume a random structural configuration. It seems that the net charge at pH 7 does not correlate with the secondary structure for such short peptide molecules. Next, we added FITC-labeled peptides to MLV and observed the state by using confocal laser microscopy on samples incubated at fixed conditions. Some images were obtained in the condition of seven types of FITC-labeled peptides at 5 minutes, 24 hours, and 48 hours after mixing. The results are shown in Fig. 2 . In this experiment, gel chromatography was used for purification during the process of obtaining the FITC-labeled peptides, so none of the FITC raw material was included. Therefore, it is assumed that all of the fluorescent substance in the images is FITC-labeled peptide. We could see dark MLVs with a diameter of several μm in all of the observational images after 5 minutes in Fig. 2 a . Although the diameters of MLVs obtained by the present hydration/settling method were not uniform, but they were approximately same as those in a previous report 7 . A fluorescent green color was also observed in areas without MLV in all of the images regardless of the observation time in the case of EE, indicating the existence of many FITC labeled peptides outside the MLVs. On the other hand, circular shapes and fluorescent green colors were verified after 48 hours in the cases of EK, KE, and KK, indicating that the FITC labeled peptides were bound to the MLV or penetrated into it. It is known that, when a fluorescent probe such as FITC is placed in a highly viscous environment such as a lipid membrane bilayer, strong fluorescence is shown. The MLV is composed of multiple bilayer membranes, so the internal water efficiency is approximately 10 , which is low compared to the internal water efficiency of approximately 50 for LUV, which is a single-layer lipid membrane 8 .
Therefore, most of the vesicle spheres were filled with lipid molecules, and the FITC-labeled peptides would adhere with high density to the surface or penetrate to the inside.
The present MLVs were designed to have negative charges as cell models. Although EE with net charge of -2 assumes an α-helix structure which is characteristic of a membrane penetrating peptide, this peptide does not show any affinity to MLV. On the contrary, EK and KE with net charge of zero and KK with net charge of 2, which are non-helical, showed affinities to MLV after 48 hours. Next, the MLVs, mixed with arginine-rich peptides, were observed with the incubation time. Photographs at each incubation time are shown in Fig. 2 b . Observation images of FITC-labeled R7, RR2, and RRRR2 apparently exhibited round-shaped and fluorescent green colored objects after the peptides were added. All three peptides would interact with MLVs in the manner of the either adhesion or penetration to the interior. Even after 24 hours and 48 hours, it was possible to verify fluorescent MLVs. Linear-chain, R7, and branched-chain peptides, RR2 and RRRR2, have a net charge of 7 and 9, respectively. These net charge are high compared to those with the GALA peptide motif. It has been found in an early stage that the existence of the guanidino group is indispensable for electrostatic adhesion to the cell surface. Also in previous research, the guanidino group of arginine residues plays an important role in the internalization of arginine peptides into a cell. Subsequently, it has become clear that the arginine peptides move into the cell by some endocytosis pathway mechanism 9 . The present results clarify that the net charges of the short peptide molecules are more important than the molecular structures e.g. α-helix, linear, branched-chain for the interaction with the charged liposome.
Conclusions
This study showed a strong interaction of the acidic MLV, as a cell model, with the arginine-rich peptides regardless of linear-chain or branched-chain. This is probably due to the positive charge of the guanidino group of the arginine side chain. No correlation exists between the molecular structures of peptides of about ten residues and the strength of the interaction with MLV. Currently, we plan to continue research focused on arginine rich peptides with a branched-chain structure.
